3-Methylcholanthrene-induced T-cell thymic lymphomas in RF mice were examined for involvement of murine leukemia virus (MuLV)-related sequences in leukemogenesis. Both the expression of MuLV-related RNA species and the organization of endogenous MuLV proviral DNA were analyzed. Of 27 primary tumors examined, only 5 exhibited elevated MuLV-related RNA species homologous to xenotropic specific env DNA. None of these RNA species hybridized with ecotropic pl5E DNA sequences. Only two of these five tumors contained MuLV-like RNA species that hybridized with ecotropic MuLV long terminal repeat sequences, despite the probe's ability to detect both ecotropic MuLV and mink cell focus-inducing viral RNA. No muLV resembling mink cell focus-inducing virus whose expression could be correlated with lymphomagenesis was detected in either preleukemic thymocytes, primary 3-methylcholanthrene-induced thymic tumors, tumors passaged in vivo, or cell lines derived from tumors. Restriction endonuclease analysis of DNA from both primary tumors and cell lines failed to reveal either proviral DNA with recombinant env genes or rearrangement of endogenous MuLV proviruses. Therefore, chemically induced lymphomagenesis in RF mice appears different from the spontaneous lymphomagenic process in AKR mice with respect to the involvement of endogenous MuLV sequences.
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The RF strain of inbred mice was originally derived in parallel with the AKR strain from noninbred mouse stocks. Unlike AKR mice, which exhibit an incidence of spontaneous thymic lymphoma that approaches 100% by 1 year of age, mice of the RF strain display tumor incidence of only 25% during the second year of life (13, 22, 23) . After 3-methylcholanthrene (MCA) treatment at 3 months of age, 90% of RF mice develop thymic lymphomas within 2 to 4 months (22, 24) . MCA treatment of AKR mice accelerates the appearance of lymphoma by about 2 months (10) .
The mechanisms of MCA lymphomagenesis are unknown. However, murine leukemia viruses (MuLVs) have been implicated directly or indirectly in the etiology of murine lymphomas. Spontaneous thymic lymphomas in AKR and C58 mice are clearly associated with increased production of endogenous MuLVs (19) . Lymphomagenic viruses have been isolated with variable frequency from both chemically and irradiation-induced T-cell tumors (1, 26) . Ecotropic MuLV, first detected perinatally in AKR mice, appears necessary, but not sufficient, for tumor development. Mink cell focus-inducing (MCF) MuLVs, presumably derived de novo from specific recombination events between endogenous ecotropic and MCF virus-like or xenotropic MuLV sequences, have been identified as a proximal cause of spontaneous AKR lymphoma (12, 29, 31) .
In RF mice, ecotropic virus production is relatively low, not detectable in all animals, and not observed in thymic tissue before 6 months of age (7, 23) . In addition, RF mice do not express either infectious xenotropic or MCF viruses at any time during their lifespan. This pattern is not altered by MCA treatment, despite the near 100% incidence of thymic lymphomas. The inability to detect infectious virus in MCAtreated RF mice may be due to intrinsic difficulties in isolating novel viruses circulating at low levels or to defective viral expression that precludes assembly of mature virions. Therefore, we analyzed chemically induced thymic lymphomas from RF mice to determine whether MCA treatment alters the organization or the expression (or both) of endogenous MuLV sequences.
MATERIALS AND METHODS
Mice. RF/J mice were obtained from the Jackson Laboratory (Bar Harbor, Maine). AKR/J mice were obtained from the colony of Maria Duran-Reynals, Albert Einstein College of Medicine.
Treatment with MCA. The backs and flanks of female mice 12 to 14 weeks of age were shaved (10) and then painted daily for 5 days with a 1% (wt/vol) solution of MCA (Tridom Chemical Inc., Hauppage, N.Y.) in benzene. Control animals were shaved and then painted with benzene alone for 5 consecutive days. Animals with thymic lymphoma were identified by their labored breathing and palpable inguinal lymph nodes.
Cell lines. The establishment, maintenance, and characteristics of the cell lines derived from MCA-induced thymphomas have been described previously (M. Goodenow and F. Lilly, Proc. Natl. Acad. Sci. U.S.A., in press).
DNA and RNA extraction and hybridization. DNA was extracted from tissues and cultured cells (21) (30) .
Total cellular RNA was prepared by the guanidine-hydrochloride method as modified by Childs et al. (8) . Polyadenylic acid-enriched RNA was prepared from total cellular RNA by selection on oligodeoxythymidylate-cellulose. RNA was denatured in 65% formamide and 6% formaldehyde at 65°C, fractionated by electrophoresis on 1% agarose gels containing 3% formaldehyde in 200 mM 3-(N-morpholine propanesulfonic acid), (pH 7.5), with 0.001 M EDTA, and transferred to Gene Screen (New England Nuclear Corp.) (14) . Hybridizations were carried out for 18 h in 5x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 50% formamide, lx Denhardt solution (9), 0.01 M P04 buffer (pH 6.5), 100 g of denatured salmon sperm DNA per ml, and 10% (wt/vol) dextran sulfate at 37°C. Filters were washed twice at room temperature in 2 x SSC and four times at 60°C in 0.5x SSC-0.2% (wt/vol) sodium dodecyl sulfate-1% sodium pyrophosphate, air dried, and exposed at -700C to Kodak X-Omat R film with a Picker MAX-1 intensifying screen.
Hybridization probes. DNA hybridization probes specific for discrete regions of MuLV (schematically depicted in Fig.  1 ) were radioactively labeled with 32P by nick translation (28) to specific activities of 2 x 108 to 6 x 108 cpm/,ug. The two recombinant pBR322 clones of the env region encoding gp7O were the generous gift of Malcolm Martin. pXeno contains a 500-base-pair xenotropic env-specific fragment derived from NFS-Th-1 xenotropic MuLV (3) . pEco contains a 500-basepair ecotropic env-specific fragment derived from AKR ecotropic MuLV (4 (25, 29) . DNA from tumor cells was digested with BamHI to generate 3' virus-cell junction fragments, and a Southern blot of these DNAs was hybridyzed with pAKV-5 (probe for the plSE region of the ecotropic MuLV env gene). DNA from seven of eight primary lymphomas and two virusnonproducing tumor cell lines was indistinguishable from DNA from the liver and thymus of non-tumor-bearing RF mice (Fig. 2) . In addition to the three major fragments found in normal tissue and all thymic lymphomas, novel fragments were detected in one primary lymphoma (Fig. 2, lane 5) and in two tumor cell lines producing infectious ecotropic MuLV (lanes 3 and 11) . One cell line not producing virus at the time the DNA was prepaired also has an additional novel fragment (Fig. 2, lane 12 Lymphoma DNA was digested with both BamHI, which cuts in the gp7O of the xenotropic env gene, and XbaI, which cuts in the pl5E region of the ecotropic MuLV env gene, and hybridized with pXeno, which detects xenotropic and MCF virus-related env sequences. The characteristic 1.5-kilobasepair MCF virus-related env fragment was identified in DNA from spontaneous AKR lymphoma cells (Fig. 3, lane 1) , but not in normal AKR tissue (lane 2). However, this AKR lymphoma-specific fragment was not detected in primary MCA-induced RF lymphomas (Fig. 3, lanes 9 through 13) , in seven tumor-derived cell lines (data not shown), or in spontaneous or X ray-induced RF lymphomas (Fig. 3, lanes  5 through 8) . Moreover, from these analyses, as well as additional studies with different restriction endonucleases, a variety of DNA probes, and other tumor DNA samples, there were no readily identifiable difference in the organization of xenotropic and MCF env-related sequences between MCA lymphomas (Fig. 3, lanes 5 through 13) and normal tissues in RF animals (Fig. 3, lanes 3 and 4) .
MuLV (Fig. 4B, lane 2) . The same three transcripts were observed with a xenotropic enm, probe (Fig. 4A, MCA-induced RF lymphomas contained three species of MuLV-related transcripts (Fig. 4, lane 1 (Fig. 6, lane 2) . All three probes hybridized as expected with RNA from a spontaneous AKR lymphoma (Fig. 6, lane 1) . The infrequent occurrence of these unusual transcripts (3 of 27 tumors) makes it unlikely that they play a significant role in MCA-induced lymphomagenesis.
Transcription of viral sequences in RF cells differed from MuLV-related RNA in AKR tissues in a number of respects ( Fig. 4B and C, lane 3; Fig. 5 ). The We found no evidence in 27 primary and in vivo-passaged MCA-induced tumors or in seven tumor-derived cell lines of novel LTR-containing RNAs that would suggest transcrip- tional activation of a cellular gene(s) from a viral promoter (data not shown). These results were consistent with the absence of evidence suggesting acquired proviral sequences in MCA-induced RF tumors ( Fig. 2 and 3) . and both types of tumors involve T-lymphocytes. Lymphomagenesis in AKR animals is associated with the appearance of pathogenic MCF viruses (class I) that are generated by at least two recombinational events (5, 6, 11, 15, 27) . In view of the close genetic relationship between the AKR and RF strains, we hypothesized that if a class I MCF virus were involved in MCA-induced tumors in RF mice, it could be detected by methods used in analyzing AKR lymphomas. However, restriction endonuclease digestion of RF lymphoma DNA failed to reveal the recombinant MCF-related proviral sequences easily observed in AKR tumors (Fig. 3) . Furthermore, somatically acquired MuLVs were not consistently detected in MCA-induced lymphomas. Only virus-producing cell lines and rare tumor samples had acquired proviral DNA sequences (Fig. 2) .
MCF xenotropic related RNAs were expressed in thymocytes from young AKR mice and, at considerably higher levels, in tumor cells from most AKR lymphomas (10 of 12). The AKR tumor RNAs also contained ecotropic piSE sequences, consistent with the hybrid characteristics of pathogenic MCF env genes. In 22 of 27 MCA-induced lymphomas, expression of MCF xenotropic transcripts was at the same very low level constitutively expressed in normal RF thymocytes. None of the transcripts in any of the 27 primary lymphomas hybridized with the ecotropic pl5E or gp7O probes, indicating that they are not related to known pathogenic recombinant MCF RNAs. It is likely that the MuLV RNA species detected in RF tissues originate from the endogenous xenotropic or nonpathogenic MCF (class II) sequences or both (Fig. 3) . The largest MCF-related transcripts in RF tissues range in size from 31 to 34S and are smaller than the 35S transcripts expressed in AKR cells. It is possible that these transcripts represent the expression of defective proviral sequences, which would account for the absence of detectable infectious xenotropic or MCF MuLV production in RF mice. In addition to full-size env transcripts (24S), the 19S env RNA in both RF thymocytes and chemically induced tumor cells appeared similar to the 2.0-kilobase xenotropic transcript identified in other mouse strains (including AKR) and in radiation-induced tumors of BALB/c mice (2) .
Elevated levels of MCF xenotropic related transcripts were detected in five MCA-induced tumors. Three of these tumors contained novel MuLV transcripts that failed to hybridize with the LTR probe (Fig. 6) . The heterogeneous population of cells contained in any primary tumor makes it difficult to assess the significance of the presence or absence of a particular RNA species. However, we could not detect increases in xenotropic ( 
